The aim of the study is to compare the accuracy of 11 formulas in predicting fetal weight.
INtRODUCtION
Sonographic estimation of fetal weight plays an important role in obstetrics. Meaning of sonograms performed for the purpose of predicting fetal weight is rising from 24 weeks of gestation, the age of viability. Estimated fetal weight (EFW) is an essential parameter which may be helpful in decision-making during perinatal period and it can be calculated using various mathematical methods. There are several mathematical formulas that use different fetal structures to estimate fetal weight such as biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC), and/or femur length (FL). The accuracy of these formulas may vary, nevertheless low values have an impact on physicians' decisions. The performance of formulas may also be different in macrosomic fetuses or low-birth-weight fetuses. Macrosomia refers to growth beyond a specific threshold, regardless of gestational age. Depending on the guidelines, various thresholds are accepted, the most commonly used threshold is weight above 4500 g. Also, weight above 4000 g is accepted as macrosomia. Knowledge about estimated fetal weight is useful at term for decision-making regarding mode of delivery. To identify the preterm macrosomic fetus, weight charts are used, it is established that any fetus weighing above 90 th percentile for gestational age is defined as large for gestational age. The most common serious concern connected with fetal macrosomia is shoulder dystocia, which leads to birth trauma, brachial plexus injury, clavicular fracture or asphyxia [1, 2] .
Low birth weight is defined as less than 2500 g at the first weight determination after birth, it is associated with fetal prematurity or small for gestational age. Small for gestational age (SGA) is defined as infants with a body weight below the 10 th percentile for gestational age and comprises infants who are constitutionally normally small and those who are small because of fetal restriction [3] . Infants with fetal of growth restriction are at increased risk for morbidity and mortality [4] . Any stage requires medical intervention, proper time and mode of delivery. Nowadays, estimation fetal weight could be also improved by using three-dimensional ultrasound [5] . The aim of the study was to compare the accuracy of 11 formulas in predicting fetal weight, which are the most widespread between gynecologists.
MAtERIAL AND MEtHODs
The retrospective cohort study included 1072 pregnant women of gestational age from 28 to 42 weeks, who gave birth in Department of Obstetrics and Perinatology JU MC between January and June 2017. The inclusion criteria were: Caucasian, race, singleton pregnancies and the interval between estimation of fetal weight and delivery within 48 hours. Intrauterine fetal deaths and fetuses with lethal defects were excluded. We divided pregnant women into five groups depending on actual birth weight (ABW); group 1 comprising 40 patients,where actual birth weight (ABW) was less than 2500 g, group 2 including 932 patients, where ABW was between 2500-4000 g, group 3 with 100 patients, where ABW was above 4000 g. According to ABW, we have analyzed weight charts. Group 4 includes newborns with birth weight under 10 percentile and group 5 -newborns with birth weight above 90 percentile. Ultrasound examinations were performed by obstetricians who underwent the same training course, with the use of General Electric Voluson ultrasound device with 4-8 MHz transabdominal curvilinear transducer. In cases which the ultrasound examination was repeated, only the last examination before delivery was taken into account. Each fetus was included only once. Birth weight and neonatal weight were obtained within 1h after delivery by the nursing staff. We evaluated 11 widely accepted weight formulas (Tab. 1). Measurement were performed by doctors as a part of diagnostic work-up before delivery, informed consent was obtained from all individuals on admission included in these study. The study was approved by Bioethics Committee of the University.
statistical analysis
Data were analyzed using STATISTICA 13.1 statistical analysis software. The accuracy of the EFW was assessed by calculating absolute percentage error (APE): |(EFW -ABW)/ /ABW| x 100% in order to predict accuracy of a formula. Differences between the weight formulas were compared using Wilcoxon's test for median absolute percentage error (MAPE) values at a significance level < 0.05. We chose median due to nonparametric distribution of data.We compared the lowest MAPE and and the other equations. We utilized R Spearman correlation to evaluate the power of relationship between actual birth weight and estimated fetal weight. Accuracy was also determined with the 'limits-of-agreement' method described by Bland and Altman [14] . The overall median difference between fetal weight and birth weight is connected with the systematic error, while the limits of agreement refer to the random error. The 95% limits of agreement show the difference between the birth weight and the EFW that can be expected, and which tendency (to underestimate or overestimate) is found. 
REsULts
We identified 1072 singleton pregnancies fulfilling the inclusion criteria and divided them into five groups. Each group was separately analyzed in order to find the most accurate formula and show a tendency to underestimate or overestimate. Maternal characteristics of each study group is presented in Table 2 .
Group 1 comprises 40 fetuses with ABW under 2500 g, median of weight is 2100 g. Table 3 shows the APE as median values (range). The lowest MAPE is found for the formula Hadlock3 (7.04%). There is a significant difference between it and the other equations (p < 0.05), except from the Hadlock2, Hadlock4, Campbell, Combs and Ott (p > 0.05) formulas. Hadlock3 has also the highest value of Spearman corrrelation (R = 0.845). Following the strongest correlations belong to Hadlock4 (R = 0.841) and Ott (R = 0.838). Table 3 shows agreement between estimated fetal weight and true birth weight as assessed by limits-of-agreement method. All tested formulas have a tendency to overestimate fetal weight. The narrowest limits of agreement has the EFW calculated with Combs formula. In contrast, the widest range is found for Warsof1 formula. Group 2 comprises 932 fetuses with ABW between 2500 g and 4000 g, median of weight is 3350 g. The lowest MAPE is found for the formula Ott (5.43%). It differs significantly from the other equations (p < 0.05), only the Hadlock4, Campbell and Combs formulas are the exceptions (p > 0.05) (Tab. 4). The highest Spearman correlation are for Hadlock4 (R = 0.686), Hadlock1 (R = 0.683) and Had-lock5 (R = 0.682). According to Table 4 , all tested formulas, except for Ott, Campbell and Combs tendency to overestimate fetal weight. The narrowest limits of agreement has Combs while the widest range has Warsof1. Group 3 comprises 100 fetuses with ABW over 4000 g, median of weight is 4165 g. The lowest MAPE has Had-lock3 (5.79%). P value below 0.05 in case of other equations, except from Hadlock2, Shepard and Warsof2, indicates there is significant difference between them and Hadlock3 formula. (Tab. 5). Spearman correlation values are the highest for Hadlock1 (R = 0.332), Hadlock5 (R = 0.329) and Ott (R = 0,328). Table 5 presents that all formulas have a tendency to underestimate fetal weight. The narrowest limits of agreement has Hadlock5, the widest limits of agreement belongs to Shepard. 
Maternal BMI before pregnancy, median (range) 22 Table 6 shows that all formulas have a tendency to overestimate predicting weight. The narrowest limits of agreement has Combs, while the widest range has Warsof 1.
Group 5 comprises 123 LGA babies with actual birth weight above 90 centile, median of weight is 4090 g. The lowest MAPE has Warsof 2 (7.06%). It differs significantly from the other equations (p < 0.05) except from Hadlock3, Hadlock2 and Shepard (Tab. 7). The strongest correlation values are for Ott (R = 0.537), Hadlock5 (R = 0.536), Had-lock1 (R = 0.532). All tested formulas have a tendency to underestimate actual birth weight, except for Shepard (Tab. 7). Also Shepard formula has the widest limits of agreement. In contrast, the narrowest range is found for Campbell formula.
DIsCUssION
In our study we formed five groups, each of them should be analyzed separately.
For fetuses with ABW under 2500 g, the most accurate formula is Hadlock3 (MAPE = 7.04%). Hadlock3 has also the highest value of Spearman correlation (R = 0.845). According to other Hadlock formulas, all of them have high accuracy. It indicates that Hadlock formulas are stable. Esinler et al. [15] collated the performance of 18 different formulas for prediction of fetal weight. They compared formulas in the whole study population and subgroups by using percentage error (PE), absolute percentage error (APE) and Cronbach's alpha value. They reported that the lowest three mean APE values were associated with Hadlock4 (9.1%), Hadlock1 (9.2%) and Ott (9.8%). Choi Wah Kong et al. [16] assesed the accuracy Our analysis for fetuses between 2500 g and 4000 g shows that the most accurate formula is Ott (mean APE is 5.43%). Although, the highest Spearman correlations belong to Hadlock formulas. Hoopmann et al. [17] compared 35 formulae in 3416 fetuses with weight between 2500 g and 4000 g. They determined and compared the mean percentage error, the mean absolute percentage error, also the proportions of estimates within the error ranges of 5, 10, 20 and 30 %. In addition, separate regression lines were calculated for the relationship between estimated and actual birth weight.. Halaska formula had the best value of mean absolute percentage error (6.6%). 20 [17] , where the majority of the tested formulae gave underestimations of the actual birth weight. Analysis of 3D formulas [5] shows higher accuracy of 3D Schild formula compared to Hadlock4 in group of fetuses between 2500g and 3000g (mean absolute percentage error 5.3% vs 7.8%) and those between 3500 g and 4000 g (4.8% vs 9.6%). Group 3 comprises fetuses with ABW over 4000g, the most accurate formula is Hadlock3 (MAPE = 5.79%). The highest correlation value has: Hadlock1 (R = 0.332). There is a visible relation (Tab. 8); the Spearman correlation, power of relationship, decreases with actual birth weight. According to factors affecting the accuracy of fetal weight, some older studies claim that maternal BMI [18] or fetal sex [19] are apparently not a significant influence on measurement error. Esinler et al. [15] showed that the lowest mean APE in these group were associated with Merz II (4.8%), Had-lock3 (5.6%), Hadlock4 (5.8%) formulae. Hart et al. [20] developed formula, which includes AC, HC, FL and also maternal weight. They showed that new formula compared to seven formulas allows to estimate better weight in macrosomic fetuses. Mean APE for Hart formula was 3.69%. Unfortunately, maternal weight during USG examination is not routinely asked, that is why we can not use these formula in our study. Also, appliance of 3D Schild formula could improve accuracy of estimation fetuses over 4000 g [5] . There is an evident problem with underestimation fetuses with ABW over 4000 g in our and others study [21] .
The median absolute percentage error (MAPE) (left side) and limits of agreement (right side) between estimated fetal weight (g) and actual birth weight (g) for each regression formula in group 3

Regression formula Median APE [%] (range) p value mean [g] (sD) 95% limits of agreement [g]
. The median absolute percentage error (MAPE) (left side) and limits of agreement (right side) between estimated fetal weight (g) and actual birth weight (g) for each regression formula in group 2
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For SGA babies the most accurate formula is Combs (MAPE = 7.72%). Our study confirms that nontargeted formulas have a tendency to overestimate the weight of SGA fetuses. The drawback of our study is lack of specific targeted formulas for SGA fetuses. Melamed et al. [22] shows that the best performing model is targeted model of Scott et al [23] . Although, Hadlock formulae reaches one of the highest accuracies in these study. The accuracy of fetal weight estimation is different in specific subgroups of SGA fetuses: early versus late SGA, asymmetric versus symmetric, and presence of Doppler abnormalities. Usefulness of Hadlock formulae was shown by Shen et al. [24] . These study reveals high sensitivity and high specificity of Hadlock formulae.
The most accurate formula for LGA is War-sof2 (MAPE = 7.06%), following formulae with the lowest MAPE are Hadlock3 (7.13%) and Hadlock2 (7.16%). The formula with the highest correlation between EFW and ABW is Ott (R = 0.537). Aviram et al. [25] shows that there is a wide variation in EFW formulas performance for detecting LGA. To the most accurate belong those, which contain abdominal circumference (AC), femur length (FL) and biparietal diameter (BD). Hadlock formulae have the lowest Euclidean distance. Rosati et al [26] claims that similarly to our study, Warsof2 formula is the most accurate (the lowest mean percentage error). These study shows the best ability to identify fetal macrosomia with formulas based only on abdominal measurement (Warsof2, Hadlock1, Campbell). There is a problem in understanding definitions of macrosomia [weight -(grams)] and large-for-gestational age (centile) in many studies.
CONCLUsIONs
Our study shows that various formulas have an impact of accuracy of estimated fetal weight in different weight ranges. Especially, when SGA or LGA is suspected. It is important to use different formulas, because it predicts better actual birth weight and helps in clinical decisions. In everyday clinical practice, median of absolute percentage error (MAPE) seems to be the easiest and the most useful parameter. To conclude, the most accurate formula for fetuses under 2500 g is Hadlock3, for fetuses between 2500 g and 4000 g is Ott, for fetuses above 4000 g is Hadlock3, for suspected SGA babies is Combs and for suspected LGA babies is Warsof2. In future, we could extend our work and 
